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9TESTS OF LONG BOLTED BUTT JOINTS
CONNECTED WITH A490 BOLTS
INTRODUCTION
Phase VIII of the Large Bolted Connections project at Lehigh
is concerned with joints of A440 steel connected with A490 bolts. Four
pilot tests were completed in June, 1964. The results of two of these
pilot tests were reported to the RCRBSJ in March, 1964.
In October, 1964 approval was given by C.orrrrnittee 10 to conduct
four more tests of long joints. These joints were fabricated from the
plate material left over from the E Series stock. They differed from
previous tests in that they only had one line of bolts.
TEST RESULTS
Table 1 gives the test results of the pilot series. These
joints, being only 10.5 inches long, failed by sudden shearing of all
fasteners. The predicted ultimate load was very close to the actual
load in all cases.
These tests gave an average slip coefficient of 0.36 which
corresponded to an average bolt "shear stress" at slip of 34.7 ksi.
Table 2 gives the test results of the four long joints.
These joints all failed by unbuttoning of the lap plate end fastener.
As is seen from table 2 the predicted ultimate load was somewhat below
the test value for all four long joints. The reason for this variation
can be explained by referring to Fig. 1. The standard shear calibration
"10
jig is shown schematically in Fig. lao The main and lap plates components
are welded together to cause the sections to act as units. Thus, as P
approaches P 1 there is very little bending of the bolt, and the shear
u t
plane is nearly perpendicular to the bolt axis.
The actual behavior in a joint is shown schematically in Fig. lb.
Under high loads the plates move with respect to each other due to yield-
ing and slip, causing the bolt to assume a bent position. This bending
action causes the shear area to be increased, and hence the ultimate
shear load is higher than determined in the calibration tests.
Since the predicted ultimate load is based on the shear strength
determined in the standard shear jig, one would expect that this predic-
tion would be conservative. The data in Table 2 shows that the actual
joint strength was greater than the predicted value in all cases.
The average slip coefficient for the long joints was 0.33. This
gave an average bolt "shear stress" at slip of 35 ksi.
This data indicates that variations in joint length and width
have little effect on the slip coefficients of bolted joints. This ob-
servation supports similar conclusions reached in previous studies.
TABLE 1
'TEST RESULTS
K Series Pilot Tests
11
4 -7/8" A490 Bolts per line
,~ l_/_2_W_i_d_th_~L'...:...- _
_ .J'3k: ~.
---., 2"-- ~rip tl"
,EI'~,~,,;!::~::,~.f~"=========~:~!,~!~!iF t~f:";:;:::;::;': ';::::::;:::,;:;:;:':',;::;::::.::::;::'f
I~oint ..~
Length
Item Units K42a K42b K42c K42d
"
Bolts-Heavy head, K lot 2Nominal Shear Area in 9.62 9.62 9.62 9.62
Washers Used " 1 under '1 under 1 under 1 under-
nut nut nut nut
'P1ates-A440 Mean Joint
, .Width in 7.64 ·7.89 8.12 8.36
'Mean Joint Thickness
•(two 'plates) in 2.03 '2.03 2.02 2.03
,Jo'intLength in 10.5 10 .5 10.5 10.5
:Mean Grip ,(excluding
washer) in 4.06 4.06 4.04 4.06 ,
A ./A ,- De~ign
- 1.20 ,1.25 1.30 1.35n s 1.22 1.27 1.31 1.37Actual
Slip Load- Test' kips 350 314 334 383
Average Bo1t-"Shear
Stress" ksi 36.4 32.7 34.7 39.8
Slip Coefficient·
- 0.36 0.33 0.36 ,0.40
,Ultimate Load-Test kips 980 980 996 1004
.Predicted kips 982 984 985 986
-Ratio, Predicted/Test
- 1.00 1.00 0.99 0.98
"Average Bolt Shear
Stress ksi 101.9 101.9 103.5 104.3
Ultimate Shear Stress '
of a Single Bolt,
Tested ina Tension Jig kai 103.5 103.5 103.5 103.5
TypeofJJointFai1ure
' - All Bolts All Bolts All, Bolts All Bolts
Sheared Sheared 'Sheared 'Sheared
"TABLE 2
TEST RESULTS
K SERIES - LONG JOINTS
pitch
1.2
,"
.... 4" ..--Grip ::: 8" r 2"
I I I I I 'I' 1 I
.
.J . 1
Joint Length 1
ITEM UNITS K13l K132 K133 K199
BOLTS: Heavy Head, AB lot
Number in Line, n - 13 13 13 19
Nominal Shear Area in2 15.62 15.62 15.62 22.84
Washers Used - 1 under 1 under 1 under 1 under
nut nut nut nut
PLATES: A440
Mean Joint Width in. 6.01 6.01 8.35 8.37
Mean Thickness (.2 Plates) in. 4.02 4.01 4.05 3.99
Mean Grip (Excluding Washer in. 8.14 8.00 8.11 7.98
Pitch in. 2.625 5.25 5.25 3.5
Joint Length in. 31.5 ·63 63 63
A /A : Design - 1.30 1.30 1. 90 1.30n s Actual 1.30 1.30 1.92 1.30-
SLIP LOAD: Test kips 542 580 548 846
Average Bolt "Shear Stress" ksi 34.6 37.0 35.0 37.0
Slip Coefficient
-
0.32 0.34 0.33 0.34
..
ULTIMATE LOAD: Test kips 1425 1312- 1660 1794
Predicted kips 1381 1254 1548 1788
Ratio, Predicted/Test - 0.969 0.956 0.933 0.997
Average Bolt Shear Stress ksi 91.1 84.0 106.0 79.7
-
Ultimate Shear Stress of a
Single Bolt Tested in
a Tension Jig ksi 101.1 . 101.1 101.1 101.1
Type of Joint Failure - Bolt at Bolt at Bolt at Bolt at
lap Plate Lap Plate Lap Plate lap Plate
End End End End
Unbuttora:1. Unbuttmed lhbuttora:1. Urhlttmed
13tp ~ItOR01teHI!$ Prur.
,.... ....
.... I-
,,.::.;::' , "r-:-,.....
I~~ c.
.1 :flU
I
1", r...- ....
-~
'i'"'"'"' l-
i
,....
.... 1- ..... '
, ~
t I:F'
1
1-1-"', 1-. ....
la Shear Calibration of a Single Bolt.
Main and Lap Plates Act as Units
t
lb Actual Behavior in a Bolted Joint.
Each Plate Moves Individually, Causing Bolt to Bend
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THE TORQUED TENSION CHARACTERISTICS OF
ALLOY STEEL BOLTS LUBRICATED BY WAX
1. INTRODUCTION
Subsequent to the reporting of two series of torqued tension
tests(l), namely one using alloy steel bolts lubricated only with the
residue oil from the manufacturing process and one using alloy steel
bolts lubricated with a heavy, mUlti-purpose type grease, it was con-
sidered desirable by the members of Committee 10 - RCRBSJ to undertake
a third series of torqued tension tests using waxed elements.
The use of wax as a lubricant for fasteners is not new. It
has been used for some time in certain applications such as on fasteners
used in the automotive and aircraft industries. One particular advan-
tage that had been gained in these previous uses was that the waxed
fastener did not pick up dust and dirt as a conventionally lubricated
one might. Structural fasteners had not before been lubricated by wax-
ing and it was desirable to find out whether some important advantages
might be gained by this method. A program was initiated therefore, to
investigate the properties of ASTM A354 BC, A354 BD, and A490 bolts
under torqued tension and under repeated torquing when either the nut
or the bolt threads had been waxed.
A.
..
'.
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2. TEST PREPARATION AND PROCEDURE
A total of ninety specimens were prepared. Half of these had
the wax applied to the bolt and the other half had the wax applied to the
nut. Waxed bolts were then used with unwaxed nuts and waxed nuts used
with unwaxed bolts. All bolts used were taken from the same lots as
those previously tested(l). The waxing was done by a bolt and nut
manufacturer using material and procedure as follows. The elements
were first cleanred in solvent, then emersed in wax, and finally spun
to remove the excess. The wax used was a commercial preparation com-
posed of vegetable waxes, oxidized petroleum waxes, metal-organic soaps,
heavy molecular weight amine fatty acid, and heavy-weight polybutene,
all dissolved in stoddard solvent. All tests were conducted in a
hydraulic bolt calibrator " the same device as used in the previous
tests(l) •
3. RESULTS AND CONCLUSIONS
Table 1 shows the results of the waxed element, torqued tension
. tests. The mean value of the load at ~ and 5/8 turn-of-nut from snug,
torqued tensile ultimate strength, and rupture are shown. Elongations
at proof load, at ~ turn-of-nut, at ultimate load and after rupture,
and nut rotation from snug to failure are also listed. In evaluating
this table, it should be noted that whether the waxed element was the
nut or the bolt, approximately the same results were obtained for a
given bolt lot. This is also shown graphically in Fig. 1 where all
t16
test points, that is for both the waxed bolt and the waxed nut, are
plotted in showing the load-elongation relationship for a particular
lot of A490 bolts.
The effect of such variables as grip, length of thread under
the nut, and the differences between bolt grades has been previously
discussed(l). Only those differences arising from the waxing as lubri-
cation will be discussed here.
The load-elongation relationship for a typical lot of bolts
as tested in the three conditions of lubrication is shown in Fig. 2.
It is clear that the type of thread lubrication has only a slight effect
on the torqued tension behavior. The most significant effect of the
waxing was in the type of bolt failure. In the results previously re-
ported(l), practically all failures of bolts with residue-oil or greased
threads were of the "torqued" type (that is, the bolt was sheared off
under combined shear and tension.) Of the 70 tests reported in this
study, 44 specimens failed by stripping of the threads. Since there
is no appreciable difference in the numbet of turns to failure (stripped
or "torqued") depending on the type of lubrication, this phenomenon must
be directly a result of the application of the wax. The torqued failure,
which has been explained on the basis of the principal stress theory(3)(4)
and the principal strain theory(3) , is such that at some point the bolt
and the nut essentially "lock together" and the bolt fails through the
shank under the combination of high shear and direct tension. The lubri-
cation provided by the wax was in most cases sufficient to prevent this
"locking" action. As the nut continued to turn with reference to the
bolt, high bearing pressure caused the base of the nut to spread. The
resulting increase in load on the threads remaining in contact caused
the stripping failure. This spreading of the base of the nut was
apparent in almost all cases. As far as could be ascertained, it was
usually the bolt threads which failed. In the cases where the thread
length under the nut was small, the stripping failure occurred as the
nut rode up onto the thread run-out of the bolt.
Figure 3 is a bar graph of loads at ~ tu~n, 5/8 turn, and ulti-
mate for A354 and A490 bolts with threads either in the "as-received" or
waxed condition. The load scale is non-dimensional so that 7/8 and 1 in.
diameter bolts may be compared. It can be noted that lubrication had
little effect on the results. The load at ~ turn-of-nut is consistantly
below proof load for the bolts with the longer grips. Even at 5/8 turn-
of-nut, two of these lots with long grips had mean loads below the proof
load. Although the load at ~ turn-of-nut was above the proof load for
most of the bolts with short grip lengths, it usually remained within
the elastic range and was therefore very sensitive to minor changes in
elongation.
The ultimate load in torqued tension was found to be between
77.5% and 92% of the direct tension ultimate for bolts tested with re-
sidual oil as the thread lubricant with corresponding figures of 79%
and 95.5% for bolts lubricated with multi-purpose type grease(l). The
waxed element tests produced values between 78.5% and 95.5%. If we con-
sider only the results obtained for A490 bolts, the limits are 80.5% to
89%, 79% to 95.5%, and 81% to 95.5% for the same three conditions of
.'
"
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thread lubrication. Clearly, the type of thread lubrication has little
effect on the ratio of ultimate torqued tension load to ultimate direct
tension load. Since current specifications(5) place the proof load of
A490 bolts at 0.80 times their direct tension ultimate load, it is
possible that the ultimate load in torqued tension could be below proof
load for mimumum strength bolts. It seems advisable therefore to con-
sider a minimum preload for installation somewhat below the proof load.
Alternatively, the specified ultimate load could be increased such that
the present ratio of 0.80 would become, say, 0.75.
4. SUMMARY
The principal effect of the use of wax as a lubricant on
bolts tested to failure under torqued tension was its effect upon the
mode of failure. Any changes in the torqued tension strength charac-
teristics of the bolts were slight. It is suggested that some correc-
tive measures be taken with regard to the current ratio of proof load
to direct tension ultimate load of A490 bolts.
•Table 1
Torqued Tension Test Results
Threads Waxed
Bolt Proof Number of Load at Load at Ultimate Load Rupture Elongation, inches Nut Rotation
Lot Load Specimens 1/2 turn 5/8 turn Load to Rupture
kips Tested kips kips Mean Std. Dev. % Direct kips At Proof At 1/2 At 5/8 At U1t. After revs.
kips kips Tension Load Turn Turn Load Rupture
Ultimate
AC-7-2S 48.50 3WB 46.7 53.5 57.0 0.91 78.5 47.3+ .013 .013 .022 .037 1-1/2*
3WN 54.3 57.8 60.3 3.43 83 30.2+ .015 .016 .029 .044 1-5/8*
CC-7-12S 48.50 3WB 47.5 52.3 54.4 1,42 87 37.6 .014 .014 .022 .061 .205 2-5/8
3WN 47.2 51,6 55.4 1,68 89 22.0+ .016 .013 .023 .056 3 *
AD-7-2S 55.45 1WB 51.5 61,6 67.2 81 44.0+ .015 .014 .018 .030 1-3/8*
3WN 53.5 61.3 67.7 3.46 81,5 48.4+ .017 .016 .020 .026 1-3/8*
AD-7-9S 55.45 3WB 57.7 63.2 65.9 0.88 86 55.0+ .016 .017 .022 .033 1-3/8*
3WN 50.5 58.1 66.8 1,89 87 47.4+ .017 .015 .020 .043 1-3/4*
DD-8-2L 72.70 3WB 73.1 89.3 100.6 0.71 94.5 85.2 .025 .025 .032 .067 1-3/8
3WN 75.7 91,0 98.9 2.99 94 43.0+ .026 .026 .034 .062 1-3/8*
DD-8-llL 72.70 3WB 82.0 87.3 92.3 0.82 95.5 74.7 .027 .031 .035 .083 .191 1-5/8
3WN 69.3 88.9 92.8 1,92 96 74.7 .026 .027 .039 .078 .180 1-3/4
ED-7-12S 55.45 3WB 56.0 61.7 69.2 1.70 89 52.6 .016 .011 .024 .056 2-1/8
3WN 54.8 62.7 70.9 2.53 91 55.0 .016 .016 .020 .052 .200 2
GD-7-12L 55.45 3WB 38.0 47.8 65.5 3.69 87 54.2 .032 .020 .026 .067 2-1/8
3WN 38.4 48.2 66.9 1.90 88.5 43.5+ .032 .022 .028 .070 2-1/4*
LI-7-2S 55.45 3WB 58.0 63.3 67.7 3.30 89 63.5+ .011 .015 .018 .029 2-1/8*
3WN 55.0 63.2 67.0 1.63 88 40.0+ .016 .016 .019 .034 1-3/8*
LI-7-9S 55.45 3WB 48.5 56.3 61,5 3.54 85 57.2+ .013 .015 .018 .028 1-1/4*
3WN 55.3 62.9 65.7 0.71 91 52.3+ .017 .017 .022 .042 1-1/2*
AB-7-2L 55.45 3WB 45.8 55.5 67.1 2.49 92 51.2+ .029 .023 .029 .053 1-3/8*
3WN 54.5 63.2 69.3 1.08 94.5 52.3+ .027 .027 .032 .045 1-1/2*
AB-7-9L 55.45 3WB 39.8 47.9 62.5 4.02 88.5 45.5+ .032 .021 .025 .065 1-5/8*
3WN 51, 7 58.9 63.8 1,0 90 44.2+ .030 .027 .034 .062 1-5/8*
*revs. to stripping .....\0
+at stripping
Note: If two or more of the 3 tests are stripping
failures, this is what is reported.
WB ~ waxed bolt
WN =: waxed nut
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